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Summary: The base promoted oligomerization of 15-dehydro-PGB1_ (la) results in the formation of 
six dimers via a Michael addition pathway. The simultaneous operation of multiple 
reaction sites as required by dimer formation has major consequences for the structural 
complexity of the oligomeric mixture PGBx. 

Recently we reported the isolation end characterization of six dimers from the oligomeric 

mixture formed upon treatment of the 15-dehydro-PGBi analog Ic with dilute ethsnolic KOH. The - 

oligomerization pathway leading to dimer formation, which proceeded via Michael addition through 

multiple reaction sites, provided for the first time structural insights into the complex mixture 

termed PGBx. The term PGBx currently refers to a complex mixture derived from treatment of i5- 

dehydro-PGa methyl ester (lb) with I N ethenolic KOH for 4 hours at 800.* PGBx has been reported - 

to protect against the loss of oxidative phosphorylation in vitro in isolated mitochondria3 end -- 

reverse in vivo damage in animals subjected to episodes of myocardial3b and cerebraljc ischemia. -- 

Recently Toda et, al.4 reported the formation of two dimers from the prolonged base treatment of 

PGBi, en earlier precursor of a complex mixture also termed PGBx,* that are markedly different 

in structure from the six dimers derived from the l5-dehydro-PGBI analog lc. Two diners have - 

also been reported by Polis et. al.5 from the treatment of 15-dehydro-PGB1 methyl ester @) 

with dilute ethanolic KOH. We wish to report here that, contrary to the report of Polis, treat- 

ment of 15-dehydro-PGBi as either the free acid (la) or methyl ester (lb) with dilute ethsnolic - - 

KOH results in the formation of six dimers. The oligomerization pathway indicated by presence of 

six dimers indicates a PGBx mixture many magnitudes more complex both structurally end stereo- 

chemically than one indicated by the report of only two dimers. 

h R’ = (CH2)&02H, R* = (CH2)3CH3 

b* R1 = (CH2)&02CH3, R* = (CH2)3CH3 
R2 ‘h R1 = CH2CH3, R* = CH3 

Treatment of la with 0.05 M ethenolic KOH (8.7 mg/ml) for 90 minutes at 22O gave a crude - 

reaction product from which the dimer component was separated by chromatography on Sephadex 

m-20 (cH~oH).~ After treatment with diazomethene, the dimer fraction was separated by EPIC on 
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two IO mm x 25 cm LiChrosorb columns in series (35-4s EtOAc/&Hl2) into six components.? A 

molecular formula of C42H6408, i.e. (CaH3204)2, was determined for each component by IIRkS mea- 

surement of the molecular ion. 8 

Two distinctly different dimer types were indicated by the spectral data. Dimers G-2 

exhibited Wmax at 296 and 238 nm and conjugated C=C IR absorptions at 1585 and 1640 cm-l whereas 

dimers 6b and 'i'J had a single Wmax at 238 nm and a conjugated C%C IFf absorption at 1640 cm-i.9 - 
Dimers 2b-2 exhibited a strong fragment ion at m/e 348, i.e. QlH32O2, while only a weak m/e 348 - 

fragment ion was present in dimers 6b end '&8 - The structural assignments of the individual dimers 

follow from the previously established structures of the dimers derived from the analog & and. are 

given in Figure 1." This correspondence is evident from a comparison of l3C end 'H chemical 

shifts of dimers derived from la and lc listed in Tables 1 and 2.1° - - 

Dimers 2-B are derived from la_ via Michael addition in which two nucleophilic (C-IO end 

c-16) and two acceptor (C-13 end C-14) sites are active as indicated in Figure 1. Dimers 2a and - 

2, a diastereomeric pair, are formed by the addition of the C-IO enolate of la to C-14' of a - 

second unit of la. - Dimers 4a and 2, a second diastereomeric pair - , arise from the addition of the 

C-IO enolate of la to C-13' of a second unit. Dimer 6a arises from the initial addition of the - - 

c-16 enolate of la to C-13' of a second unit leading to a new enolate which internally cyclizes - 

by addition of C-14' to C-14 resulting in the formation of a cyclopentsnone ring with linkages 

at 16-13' and 14-14'. In a similar manner, dimer 2 results from the initial addition of the c-16 

enolate to C-14' followed by the internal cyclization by addition of C-13' to C-14 giving rise to 

a cyclopentsnone ring with 16-14' and 14-13' linkages. The single addition dimers 2a-_& retain a - 

residuall3,14-unsaturation while dimers 6a end Ja, resulting from double addition, lack a residual - 

13,14-unsaturation. 

R2 

&I-C and Ia-c 0 

Via C-10 emlate 

b, 

R1 = (CH3)6CO2H 

R2 = (CH2)3CH3 

R1 = (CH2)6COzCH3 

R 2 = (CH2)3CH3 

Rl = CH$H3 
R2 = CH3 

Figure 1 

Via C-16 snolate 
addition 

ts-c and tr-c 
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Table 1. A Comparison of 13C NMR Chemical Shiftsa of Dimers 2-7 derived from 15-Dehydro-PGBl (la) and the Analog 15 10 
- 

C# 

c-8 
C-8 

c-9 

c-9 

c-10 

C-l 2 

c-12 

c-13 

C-13' 

c-14 

C-14' 

c-15 

2b 2c 

147.8' 148.9' 

142.5' 143.7' 

208.8' 207.5' 

208.9' 208.9' 

45.9d 48.1d 

159.8' 159.0' 

188.8' 168.3' 

133.2d 133.1d 

131.3d 131.0d 

49.8d 49.8d 

199.8' 200.0' 

3b 3c 

147.1' 148.4' 

142.9' 144.1' 

207.5' 208.2' 

208.7' 208.7' 

48.8d 48.8d 

159.3' 188.8' 

188.2' 187.7' 

133.4d 133.2d 

131.2d 130.94 

49.ld 49.0d 

199.7' 200.0' 

4b 4c 5b 5.z 8b 8c 7b 7c 

147.8' 148.9' 

142.5' 143.8' 

208.4' 208.3' 

208.8' 208.8' 

48.1d 46.ld 

158.8' 158.2' 

170.9' 170.5' 

133.3' 133.ld 

37.P 37.2d 

131.2d 130.9d 

199.5' 200.0' 

147.4s 

142.0' 

207.7' 

208.7' 
d 45.3 

157.9' 

171.9' 

133.3' 

37.2d 

130.8d 

199.8' 

148.7' 

143.4' 

208.0' 

208.4' 

45.8d 

157.4' 

171.2' 

133.2-j 

37.8d 

130.8d 

200.0' 

142.2' 143.5' 

144.7' 148.8' 

208.8' 208.8' 

207.9' 208.0' 

34.3' 34.4' 

188.8' 185.8' 

166.8' 188.3' 

31.0' 31.0' 

48.2d 48.2d 

56.2'J 56.9 

50.4d 50.4d 

214.8' 214.7' 

142.0' 143.8' 

145.0' 148.8' 

209.0' 208.5' 

208.1' 207.8' 

33.9' 34.2' 

188.8' 185.8' 

166.2' 181.7' 

31.2' 30.4' 

48d 48.2d 

56.3d 57.5d 

51.3d 50.7d 

214.7' 214.5' 

c-15 210.7' 211.2' 210.7' 211.1' 208.8' 208.8' 209.5' 209.1' 209.0' 299.3' 209.7' 209.8' 

C-18 49.0d 49.0d 52.1d 47.7d 

a) The chemical shifts (4 , CDC13l of carbons directly involved in dimer bond formation are underlined. 

Table 2. A Comparison of 1H NMR Chemical Shiftsa of DirnersZ-7 derived from 15-dehydro-PGBl (la) and the Analog &lo 

HI 2b 2c 3b 3c 4b 4c 5b 8c 8b 8c 7b 7c 

H.10 2.82 2.88 2.83 2.88 2.78 2.78 2.57 2.80 

H-13' 3.77 3.70 3.52 3.52 3.20 2.04 3.29 3.35 

H-14 3.43 3.42 3.50 3.52 2.88 2.91 3.04 3.00 

H.14 3.12 3.20 2.58 2.88 

H-18 2.40 2.40 2.77 2.72 

a) Thechamicalrhifb ( &,CDC13) ofprotonrattached to carbon’direcdy involvedindimerbond formation areincludedin Table 2. 

Oligomeric mixtures derived from a reaction pathway utilizing the multiple reaction sites 

involved in the formation of six dimers would be many magnitudes more complex than mixtures antic- 

ipated from a pathway based on only two dimers. The complexity of oligomeric mixtures in which 

the next higher oligomer arises from either C-10 or c-16 enolate addition of la to a residual - 

13,14-unsaturationli rapidly increases with each additional unit of la added12 and can be illus- - 

trated in trimer formation. Addition of the C-10 enolate of la to either C-13' or C-14' of the - 

diastereomeric dimer pairs 2a-'& and 4a-k leads to 4 structurally isomeric trimers with 4 chiral - - 

centers each.l3 Each of the trimers formed in this manner retain a residual 13,14-unsaturation 

necessary for conversion to tetramers. In contrast, C-16 enolate addition to either C-13' or C-14' 

of the diastereomeric dimer pairs G-2 and k-s by the double addition pathway results in 4 

additional structurally isomeric trimers with a new cyclopentenone ring and 6 chiral centers.l3 

Although such trimers contribute greatly to the overall complexity of the oligomeric mixture, a 

residual 13,14-unsaturation required for conversion to tetiamers is lacking. It is on the basis 

of such complexity12 that we believe the direct structural elucidation of jndividual components 

of PGBx, estimated to be in the hexamer-octamer range, 2 does not represent a feasible approach. 

We will report in the near future on more detailed structural characteristics of tximers 

and higher oligomers derived from la and related analogs. - 'Ihe biological activity of oligomers 

derived from la will be reported separately. - 
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